JUL-13-2004 07:28 



WELLS ST JOHN PS 



5098383424 P. 04 



iniiHirniHiiui 

US006743658B2 

d2) United States Patent m Patent No.: us 6,743,658 B2 

Corisis (45) Date of Patent: Jun. 1, 2004 



(54) METHODS OF PACKAGING AN 
INTEGRATED CIRCUIT 

(75) Inventor David J, Corisis, Meridian, ID (US) 

(73) Assignee: Micron Technology, Inc., Boise, ID 
(US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) Appl. No.: 09/&7<U75 

(22) Filed: Oct 2, 2001 

(65) Prior Publication Data 

US 200270016056 A) Feb. 7, 2002 

Related U-S. Application Data 

(62) Division of application No. 097253,227, filed on Feb. 19, 
1999. 

(51) Int CL' „ H01L 21/44; H01L 21/48; 

H01L 21/50 

(52) U-S-Q 4387106; 438/108 

(58) Field or Search „ 165/80.2, 185; 

257/666, 673, 619, 680, 642, 693, 706, 
707, 712, 713, 721, 723, 738, 750, 772, 
774, 775, 778, 779. 787, 788; 438/106, 
108. 118, 122, 125-127. 612,613 

(56) References Cited 

U.S. PATENT DOCUMENTS 
5,359,768 A * 11/1994 Haley _ „..„ 29/840 



5.559,369 A 
5,990,550 A 
6.326.687 fil 
6,5 18.098 B2 

* ciied by examiner 



9/1996 Ncwmw 257/668 

11/1999 Umezawa 257/712 

12/2001 Coiisis 

2/2003 Corisis 



Primary Examiner— Evan Pert 

Assis&nt Examiner— Asok Kumar Sarkar 

(74) Attorney, Agent, or Finn— Wells Sl John, P,S. 



(57) 



ABSTRACT 



The present invention includes integrated circuit packages, 
ballgrid array integrated circuit packages and methods of 
packaging an integrated circuit One aspect of the present 
invention provides an integrated circuit package including a 
substrate having opposing first and second substrate surfaces 
and at least one electrical connection supported by the first 
substrate surface and adapted to couple with circuitry exter- 
nal of the package; a semiconductor die including circuitry 
electrically coupled with the at least one electrical connec- 
tion; a first die surface coupled with the second substraie 
surface; a second die surface; and a cover coupled with the 
second die surface. Another aspect of the present invention 
includes a method of packaging an integrated circuit includ- 
ing providing a semiconductor die having circuitry; provid- 
ing a substrate having at least one electrical connection; 
electrically coupling the circuitry of the semiconductor die 
with the at least one electrical connection; providing a cover; 
and covering a surface of the semiconductor die using the 
cover, the covering including contacting the solid cover with 
the semiconductor die surface. 

21 Claims, 3 Drawing Sheets 
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the semiconductor die comprises only approximately 25 
percent of the package area and the remainder comprises an 
encapsulating epoxy. Further, chip scale packages provide 
an integrated circuit package having an overall height which 
is smaller than conventional semiconductor device pack- 
ages. For example, exemplary chip scale packages have a 
height of approximately 1.2 millimeters or less for use in 
specialised applications. 

However, a distinct disadvantage exists with conventional 
chip scale packages. In particular, a first surface of the 
semiconductor die is typically affixed to the printed circuit 
board or other substrate of the package. The opposing side 
of the semiconductor die is exposed and is subject to 
damage. In particular* such integrated circuit packages indi- 
vidually having an exposed semiconductor die surface are 
highly vulnerable to damage during testing or other handling 
of the packages. As a result, a comparatively lower yield of 
chip scale packages has been observed during test and board 
assembly. 

Therefore, a need exists to provide improved structures 
and methodologies for packaging semiconductor dies. 

SUMMARY OF THE INVENTION 

The preseni invention relates to integrated circuit 
packages, ball-grid array integrated circuit packages and 
methods of packaging an integrated circuit The disclosed 
integrated circuit package comprises a ball-grid array pack* 
age. The present invention is also applicable to other ime- 
30 grated circuit packaging technologies. 

One aspect of the present invention provides an integrated 
circuit package including a substrate having opposing first 
and second substrate surfaces. Further, the integrated circuit 

package includes at least one electrical connection supported 

mie^d rir/tfTdc^ 35 bv ^ fim substrate surface and adapted to couple with 

include bail-grid array (EGA) packages and fine tftch c*rcui^external of the package. A semiconductor die is also 
ball-grid (FBGA) packages. provided and includes circuitry electrically coupled with the 

i« Hi™ a a 1 - * 1. - „ , . , at least one electrical connection, a first die surface coupled 

12!^?-^ ^ $U< ? fc " a yna T ra ^ 0m ' acccss «o Integrated circuit pa^ 

memory chip is angered by tape or other adhesive to a ^ d ; e J^JT ^ 

surface of a pnnted circuit board (PCB) or other substrate. 
The substrate typically has a plurality of conductive traces 
formed upon an opposing surface from the adhered semi- 
conductor die. The printed circuit board additionally 
includes a plurality of solder balls formed in electrical 
connection with respective ones of the conductive traces. 
Integrated circuitry of the semiconductor die is coupled with 
the traces and conductive bumps. Such can be accomplished 
using wire bonding connections in an exemplary configu- 
ration. 



METHODS OF PACKAGING AN 
INTEGRATED CIRCUIT 

RELATED PATENT DATA 

This patent resulted from a divisional of and claims 
priority to U.S. patent application Ser. No 09/253,227, filed 
on Feb. 19, 1999, entitled integrated Circuit Packages, 
Bail-Grid Array Integrated Circuit Packages and Methods of 
Packaging an Integrated Circuit'', naming David J. Corisis as 
inventor, the disclosure of which is incorporated herein by 
reference. 

TECHNICAL FIELD 

The present invention relates to integrated circuit 
packages, ball-grid array integrated circuit packages and 
methods of packaging an integrated circuit. 

BACKGROUND OF THE INVENTION 

Numerous improvements within integrated circuit tech- 20 
nology have been made in recent years. Example improve- 
ments include the provision of an increased number of 
devices, such as transistors, on a single semiconductor die. 
Further, technological advancements have reduced the over- 
all size of individual semiconductor dies in general. Such 23 
improvements provide processing devices which can oper- 
ate at increased speeds as well as memory devices which are 
capable of storing increased amounts of data within a single 
device. 



The improvements have not been limited to the semicon- 
ductor dies themselves. In particular; numerous improve- 
ments have been made in packaging technologies for semi- 
conductor dies. Chip scale packages (CSP) have been 
developed to provide improved package arrangements for 
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Chip scale packaging technology provides numerous 
improvements over conventional leadframe-type semicon- 
ductor packaging technology. For example, chip scale pack- 
ages provide semiconductor die packages having improved 
electrical performance (e.g., reduced parasitic capacitance 
and inductance). In addition, such packages provide shorter 
distances intermediate bond pads of the semiconductor die 
and the conductive bumps configured to couple with cir- 
cuitry external of the Integrated circuit package. Such 
improves the speed of performance of the integrated circuit 
package. 

In addition to performance improvements, chip scale 
packages provide maximized usage of substrate real estate. 

More specifically, chip scale packages have a footprint 6S package shown in FIG. 1. 

Z^t i |° n i y 5lighUy lar S er . lhan to 5iM of scmicon- pig. 3 is a cross-sectional view of the integrated circuit 
auctor oic. In some convcnuonal packafcne tcchnoloticx. mrVa 
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with the second die surface. 

According to other aspccis of the present invention, the 
cover is adhered to the semiconductor die. The cover may be 
adhered to substantially the entire area of the second die 
surface. The cover is preferably only coupled with one 
surface of the semiconductor die and is not received laterally 
over sidewalls of the semiconductor die. The cover is not 
adhered to the substrate according to another aspect of the 
present invention. The cover is preferably spaced from the 
substrate. The cover can be preformed and have a predefined 
shape. The cover is substantially planar in the disclosed 
embodiment. 

The present invention provides additional structural 
aspects. Further, the preseni invention includes methods 
according to other aspects. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described 
below with reference to the following accompanying draw- 
ings. 

FIG. 1 is a perspective view of an integrated circuit 
package according to one aspect of the present invention. 
FIG. 2 is an elevational plan view of the integrated circuit 
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PIG. 4 is a cross-sectional view of an alternative inic- adhesive 42 comprising plural strips is provided to couple 

graied circuit package. semiconductor die 12 with substrate 14. Further, cover 16 is 

nPTAir Fn n**™ rpnrw nr nre preferably coupled with a surface of semiconductor die 12. 

pSrf^Smr^ Cover UjwfoMy comprise, a preformed cover having a 

PREFERRED EMBODIMENTS 3 predefined shape. For example, cover lfi has a substantially 

x This disclosure of the invention is submitted in further- rectangular and planar shape in the depicted embodiment. 

N ance or the constitutional purposes of the U.S. Patent Laws Cov ? r 16 is Preferably formed prior to application thereof to 

"to promote the progress of science and useful arts" (Article ^conductor die 12. Cover 16 is solid in an exemplary 

1 , Section 6) preferred embodiment. As illustrated, cover 16 is preferably 

p AfA _. ' ^ . M . , . 1 . . . . 10 sized to cover substantially the entire area or entirety of a 

Referring to FIG. 1. an integrated circuit package 10 10 surface of semiconductor die 12. 

according to the present invention is illustrated The i6 i$ fabricalcd from „ c^,. in exem . 

array (BGA). The depicted configuranon is exemplary and uiaizcd t0 fonn MvCT 16 . For J le> Wva . 16 QM be 
to present mveouon can encompass other packaging con- fabricated from an electrically conductive material, such as 
figurauoos.Porexample ,f Ote pitch of adjac^t conductors » mctal , ^ co^^a t0 ^ m M a gn^pE £ 

llS^AZxi^T^^, 1 ^^^ enhance the etacrfcal operation of semiconductor die £ 
^' fi " P«cb ball-gnd array (FBGA) .ntegrated circuit such a conflgllration) it is toirable to electricaUy couple the 
package. Alternately, other integrated cccuitpaclcage con- conductive ^ 16 ^ a ground planT wkh 
figurations according to the present .nvention arc provided. ^conductor die 12. A ecr.ducUve epoxy (not s^in 
Integrated circuit package 10 includes a semiconductor ^ fig. 2) can be provided intermediate cover 16 and senti- 
die 12. a subsiraiE 14 and a cover 16. An exemplary conductor die 12 to provide such electrical coupling 
semiconductor die 12 includes memory device circuitry Alternatively, a conducdve post (not shown) may be formed 
and/or processing device circuitry. Substrate 14 is a printed to electrically couple cover 16 and semiconductor die 12 
circuit board operable to couple with serniconducior die 12 Referring 10 FIG. 3, cover 16 is illustrated coupled with 
m the depicted embodiment. Substrate 14 includes a first 23 semiconductor die 12. Semiconductor die 12 is additionally 
surface IB and a second surface 20 opposite first surface 18. coupled with substrate 14. Semiconductor die 12 includes 
A plurality 0 electrical connections in (he foim of conduc- Integrated Circuitry 28. Semiconductor die 12 further 
iTXOTJ? forau £ upon fl f st » of s ? hs ™? Includes a first surface 30, opposing second surface 32, and 
14 - Conductive bumps 22 corpse solder balls of a bal - opposing sidewalls 34, 36. Plural electrical connections in 
rl^r^rt n 1 "' packa 8 B u m ^P 1 ^ the form of bond pads 38 arc provided upon first die surface 
mem. The solder balls have a pilch of approximately one 30 and are electrically coupled with integrated circuitry 28 
millimeter or less in fine pitch ball grid array arrangements. 0 f semiconductor die 12 

SS^^sT ? "? * ^^.^P^^ Conductive traces 24' are formed upon surface 18 of 

Ti^Z^^^^^^^T 1 ^^ 35 wbs ™ e 14 ^irc bonding cinnecd^ 4© are 

. , ,. , . U1UUJ "™" L connections 40 and conductive traces 24 electrically couple 

A plurality of conducuve traces 24 are formed upon first bond pads 38 of semiconductor die 12 with respective 

surface 18 of substrate 14 and are coupled with respective conductive bumps 22. Wire bonding connections 40 pass 
conductive bumps 22 Conductive traces 24 operate to M through an opening 27 formed within substrate 14. Eitcap- 

couple rcspect,ve conducuve bumps 22 with integrated sulant filling 26 fills opening 27 in me illustrated arrange- 

circuttry of semiconductor die 12 via a plurality of wire mem and protects wire bonding connections 40. 

S!r ,meCti0 r S ^ITV 1 ^ 3> ; SUbStrate . 14 Semiconductor die 12 is adhered to substrate 14 in the 

S2E££E!?S? • L" 8 . n F^ST Bt0m ^ m a,ustrated ™bodi°«M- Mon: specifically, adhesive 42 is 
fi^ S ^ w«e bondmg connections. 4J provided to intermediate semiconductor dk 12 and substrate 

£££ £ 6 0P ?f S Vl/? 0pCmn f, (aho , 14 «> »"P^ nrst die surface 30 and second substrate surface 

S^ZS^'h? X^*?™ 14 2»- Adhesive 42 comprises adhesive tape or other iS? 

SSLrST J?i?VZf U '- C0D ™T S - tMVf?" adhesive to mechanically couple semiconductor die 12 and 

filling 26 may be rormed using glob-tc-p eoeapsulaiion 6Ub$lrate R Q^er attachment techniques can be used » 

~ , _ ' ... A second adhesive 44 is provided to intermediate semi- 

Other configuration* of integrated circuit package 10 are conductor die 12 and cover 16. Adh« ve^^mtls to 
possiW^example, substrate 14 can include a plurality of couplc „ l6 l0 second Tur?a^ US? Z3oSS£ 

co^S!^ ^ " 7^ ^ d ^ Cal 12 Adhcsive 44 Q0m ^ conduc^ve^ty or 

SSSSS?' T^?" ^T' 1 ^ SU u Strate "J^ « a ta P« ««««ve in exemplary embodimcnu. Adhere 44 

S^Zr^ " fiducuvc b 7P s ? ^ appropriate may te e |eciiicaUy conduct if cover 16 is configured w 

bond pads of integrated circuitry of semiconductor die 12. operate as a ground plane. Alternatively, adhesive 44 can 

Londucuvc bumps 22 arc arranged in an array having a comprise a thermally insulative material to substantially 

predefined pattern corresponding to pad connections of a thermally insulate cover 16 from semiconductor die 12. 

substrate to which the integrated circuit package 10 will be 60 Further alternatively, cover 16 may be configured to operate 

coupled Conducuve bumps 22 are individually configured as a heat sink. Cover 16 is provided in a thermally conduc- 

to provide coupling with one of an input/output (I/O) tive relationship with serniconducior die 12 in such an 

signalling node or a power node, such as a or \ D£> embodiment to remove heat from semiconductor die 12. 

voltage reference node. Conductive bumps 22 arc provided Adhesive 44 comprises a subsiamially thermally conducuve 

in oilier arrangements in other embodiments. ^ adhesive in such an embodiment. 

Referring to PIG. 2 one configuration of cover 16 is Other attachment techniques can be utilized to couple 

illustrated over semiconductor die 12 and substrate 14. An rvwr-r i* *„a B «r«r^-^..-^ j:- ii d~ ^. . . 
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alternative embodiment, cover 16 is mechanically coupled 
with semiconductor die 12 via crimping. 

Cover 16 is adhered to Only one semiconductor die 
surface (eg., surface 32) in the depicted arrangement. 
Further, cover 16 is not received laterally over side walls 34, 
36 of semiconductor die 12. The depicted cover 16 is not 
adhered to substrate 14. As illustrated, cover 16 is preferably 
spaced from substrate 14. 

According to one fabrication method, cover 16 is coupled 
with semiconductor die 12 using pick and place equipment. 
Alternatively, plural covers 16 can be coupled with plural 
semiconductor dies 12 in strip form similar to lcadframe 
processing techniques. 

Referring to FIG. 4, an altcmadve configuration of an 



7. The method according to claim 1 wherein the providing 
the substrate comprises providing a ball-grid array substrate 
having a plurality of conductive balls having a pitch of 
approximately one millimeter or less. 

8. The method according to claim 1 wherein the cover is 
coupled with only one surface of the semiconductor die. 

9. The method according to claim 1 wherein the cover is 
not coupled with the substrate. 

10. The method according to claim 1 wherein the cover is 
not adhered to the semiconductor die. 

11. The method according to claim 1 further comprising 
coupling the substrate and the cover using an adhesive 
laterally of the semiconductor die. 

12. The method according to claim 1 wherein the provid- 



integrated circuit package is represented by reference 15 in & 100 substrate comprises providing a substantially elec- 
numeral 10a. Cover 16 direcdy contacts semiconductor die trically insulatfvc substrate. 

surface 32 in the depicted embodiment Integrated circuit ^ The method according to claim 1 wherein the provid- 
paefcage 10a includes adhesive 50 provided laterally of ^ c semiconductor die and the providing the substrate 

semiconductor die 12. Adhesive SO is adhered to second comprise providing at least a portion of the substrate over- 
substrate surface 20 and cover 16, Although only a portion 20 ^ D S least a portion of the semiconductor die. 



of adhesive 50 is illustrated in FIG. 4, adhesive 50 may be 
provided about the entire periphery of semiconductor die 12, 
An exemplary adhesive 50 comprises an cpoxy. Other 
techniques may be utilized to couple cover 16 with substrate 
14 to provide cover 16 in contact with surface 32 of 25 
semiconductor die 12. 

In compliance with the statute, the invention has been 
described in language more or less specific as to structural 
and methodical features. It is to be understood, however, that 
the invention is not limited to the specific features shown 
and described, since the means herein disclosed comprise 
preferred forms of putting the invention into effect. The 
invention is. therefore, claimed in any of its forms or 
modifications within the proper scope of the appended 
Claims appropriately interpreted in accordance with the 
doctrine of equivalents. 

What is claimed is; 

1. A method of packaging an integrated circuit compris- 
ing; 

providing a semiconductor die having circuitry; 
providing a substrate having at least one electrical con- 
nection; 

electrically coupling the circuitry of the semiconductor 
die with the at least one electrical connection; 

providing a solid substantially electrically insulau've 
cover; 

covering a surface of the semiconductor die using the 
cover, the covering including contacting the solid cover 
with the semiconductor die; and 

wherein the providing comprises providing a cover hav- 
ing a substantially preformed shape and the providing 
is before the covering. 

2. The method according to claim 1 wherein the providing 
comprises providing a substantially planar cover. 

3. The method according to claim X further comprises 
coupling the at least one electrical connection with external 
circuitry following the covering. 

4. The method according to claim 1 wherein the covering 
comprises covering substantially the entire area of the 60 
semiconductor die surface using the cover. 

5. The method according to claim 1 wherein the covering 
comprises covering only one semiconductor die surface 
using the cover. 

6. The method according to claim 1 wherein the providing 65 
the substrate comprises providing a ball-grid array substrate 
having a plurality of conductive balls. 
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14. The method according to claim 1 wherein a plurality 
of surfaces of the semiconductor die are outwardly exposed 
after the covering. 

15. A method of packaging an integrated circuit compris- 
ing: 

providing a semiconductor die having circuitry; 
providing a substrate having at least one electrical con- 
nection; 

electrically coupling the circuitry of the semiconductor 
die with the at least one electrical connection; 

providing a solid substantially electrically insuUrjve 
coven 

covering a surface of the semiconductor die using the 
cover, the covering including contacting the solid cover 
with the semiconductor die surface; and 

wherein the covering comprises covering only one semi* 
conductor die surface using the coven 

16. A method of packaging at) integrated circuit compris- 
ing: 

providing a semiconductor die having circuitry; 
providing a substrate having at least one electrical con- 
nection; 

electrically coupling the circuitry of the semiconductor 
die with the at least one electrical connection; 

providing a solid substantially electrically insulative 
cover; 

covering a surface of the semiconductor die using the 
cover, the covering including contacting the solid cover 
with the semiconductor die surface; and 

wherein the cover is coupled with only one surface of the 
semiconductor die. 

17. A method of packaging an integrated circuit compris- 
ing; 

providing a semiconductor die having circuitry; 
providing a substrate having at least one electrical con- 
nection; 

electrically coupling the circuitry of the semiconductor 
die with the at least one electrical connection; 

providing a solid substantially electrically insulative 
cover; 

covering a surface of ihc semiconductor die using the 
cover, the covering including contacting the solid cover 
with the semiconductor die surface; and 
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18. A method of packaging an integrated circuit compris- 
ing: 

providing a semiconductor die having circuitry; 
providing a substrate having at least one electrical con- 
nection; 5 

electrically coupling the circuitry of the semiconductor 

die with the at least one elecLrical connection; 
providing a solid substantially electrically insulative 



cover, 
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covering a surface of the semiconductor die using the 
cover, the covering including contacting the solid cover 
with the semiconductor die surface; and 

wherein the cover is not adhered to the semiconductor die. 

19. A method oF packaging an integrated circuit comprise IS 
ing: 

providing a semiconductor die having circuitry; 

providing a substrate having at least one electrical con- 
nection; electrically coupling the circuitry of the semi- 2Q 
conductor die with the at least one electrical connec- 
tion; 

providing a solid substantially electrically insulative 
cover, 

covering a surface of the semiconductor die using the 25 
cover, the covering including contacting the solid cover 
with the semiconductor die surface; and 



8 



wherein the providing the semiconductor die and the 
providing the substrate comprise providing at least a 
portion of the substrate overlying at least a portion of 
the semiconductor die. 

20. The method of claim 19 wherein the portion of the 
substrate overlies at least the portion of the semiconductor 
die in a direction substantially orthogonal to opposing planar 
surfaces of the semiconductor die. 

21. A method of packaging an integrated circuit compris- 
ing; 

providing a semiconductor die having circuitry; 
providing a substrate having at least one electrical con- 
nection; 

electrically coupling the circuitry of the semiconductor 
die with the at least one electrical connection; 

providing a solid substantially electrically insulative 
cover; 

covering a surface of the semiconductor die using the 
cover, the covering including contacting the solid cover 
with the semiconductor die surface; and 

wherein a plurality or surfaces of the semiconductor die 
are outwardly exposed after the covering. 
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